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Outline

| ntroduction and M otivation

— Why worry or care about disorder?

— How can weinclude disorder in thetheories?
— What can we do experimentally?

UCug Pd, (CeRhRuSI,)

— adisordered system

— disorder ispartially tunable

— Main resultsarethe same

U,Ni,Sn, C/T magnetic field dependence

Conclusions
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Disorder and hybridization

binding energies:  KgTryky~N(0) V;4€; 2

10000 —

I nteraction strength
g

1
30

What happens when interactions are
equal and drive a zero temperature
transition?

What if thereisa distribution of
Interaction strengths?

kg T ~exp[-& /N(0) V¢4
Teaser: Can molecular

systems be included?
MAGNETIC GROUND STATES

| nteraction disorder —

< uolyezIpligAH

(anti-)

ferromagnets Spin glasses
UCu, URh,Ge,
Anderson > non-Fermi
lattices liquids
Yb, LuAl, /| UPdCy,

C, U.Ni,Sn,
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NFL behavior in UCu,,Pd,

" x350

30 . 1 I B 1 1
Cubic | Mixed Phase | Hex
25 | AuBe, VP44 NFL behavior exists o
UCu Pd | €« ) ,
he 5 x| 1 nearphaseboundaries _
g ‘ ' | . &250
— I I L a
SG | 1 resistivity as T goesto _
I I |
ol .. 1 powerlaw than T? .
150
Pd concentration x 0 100 200 300
Temperature [K]
203 (a) UCu,Pd o A

(a) UCu,Pd

I/ Susceptibility and heat capaC|ty\ X
1 havelogarithmic divergences as
T goesto O K.

CIT (dmol K?)

SUSCEPTIBILITY (10~ emu/mole)

1 10 100

TEMPERATURE (K) TEMPERATURE (K)
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Vollmer et al., PRB, 2000. Bernal et al. PRL, 1995. R. Chau, Ph.D. dissertation UCSD, 1998.
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Unanswered questions

* |sdisorder anecessary component?
— first NFL'swereall substituted
— many new “ordered” ones coming online
— even “ordered” onesmay haveissues (eg. CeCu,Sl,)

 Doesdisorder even matter?
— well, how much are wetalking about?

e |sthisanew state of matter?
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Three Possible Typesof NFL Models
(There are others. multichannel Kondo, etc...)

Quantum Ciritical Point

NFL is generated from critical fluctuations above a
zero-temperature critical point (Milliset al. *93)
(Rappoport et al., 2001).

Kondo Disorder Model  sena eta. s
Disorder causes distribution of T,’s within a strict
single-impurity model. Momentswith T, < T are
unquenched and give riseto NFL behavior.

Disorder+Competition (Griffiths)

NFL behavior due to proximity to a metal-insulator
transition fixed point (Anderson localization,Miranda
et al.) or to a magnetic/nonmagnetic fixed point
(RKKY, Castro Neto et al.), each in presence of
disorder and anisotropy.

A
T
NFL
Trnag FL
>
P(TK)! T X
TK
A
T
NFL
Tineg FL
>
X
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Effects of lattice disorder (Kondo lattice disorder
model, or KLDM)

E; T¢: conduction band width
g f-level ener
NOVrw o

Only Kondo: T, =T, exp-

Interactions N V.. fid hybridization energy

tight-binding: , _ (rerg”) |

model td — 111 R Neq: CONstant r.: outer f-radius
f-d

Harrison and Straub ry- outer d-radius R; 4 f-d bond length

e Twotypesof lattice disorder: discrete and continuous

18—

16}
1.4-—
12}
:éi 10}
T 08t
T oef
04}
02f
POk 2?0 I 2I2 I 2i4 I 2I6 I 2I8 I 3I0
bonds R(A)
* 1, Vvariesas species change * P(V) involves convolution with P(R)
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NFL must have continuousdisorder in KLDM!

0.03 — —— 0.20 —_—
I binomia
(a) I o disorder plus 0=0.001 A
002 |- 0=0.005 A | 0.15 - plusc=0.003A |
— 0=0.010 A —
« 6=0.020 A Y
- 0=0.040 A —~ 010}
= oo E’ | |
- 1 0.05}- ]
o.ooO 1(|)o : _ L L _
[ ' ' ' ' ! ' ' ' 0.00 L~ QJPU&L_// | |
100 200 300 400 500
~ T ()
g  For KLDM to work, must
= . .
8 have weight in P(T,) at very

e Siteinterchange will never
T(K) provide thisweight by itself!
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NFL behavior in UCu,,Pd,

TEMPERATURE (K)

[ T AN R R ER S .
20 | (@) UCu,Pd
) [ ]
Q J
% i ]
£ 10 - =
®  b——_——
‘?Q
o 0 1 ]
2 20} (b) UCu;5Pd;5 4
=
a
] [ ]
» 10— s
A i ]
w
0 [ f W T | 1 [V O AT Y |
1 10 100

CIT (J mol™ K?)

00 PR S S T W I | i i P W W S U O |
.

TEMPERATURE (K)

A distribution of T, ’s can describe all these data!

« \Warning: thisis pedantic.: KDM has many problems!

LAWRENCE BERKELEY NATIONAL LABORATORY
Vollmer et al., PRB, 2000. Bernal et al. PRL, 1995.

R. Chau, Ph.D. dissertation UCSD, 1998.



| nter ference of photoelectron waves

* Interference of outgoing and
Incoming part of
photoelectron modulates
absor ption coefficient:

uofteay
M= 1+ x (k)
x(k) O Z N[ g(r)sin(2kr + ¢, )dr

gisaradial pair - distribution function

« Bigadvantage: Atomic-
species specific.
“ | was brought up to look at theatomas « Disadvantages: very short

a nice hard fellow, red or grey in colour range (<~5-6 A), sensitiveto
according to taste.” multiple scattering,
- Lord Rutherford overlapping edges...
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Extended x-ray absorption fine-structure

(EXAFS)

1.4

12

10 [

0.8

0.6

04

0.2 -
o1 ., 1 . 1 . 1 . 1
17000 17200 17400 17600 17800 18000

E (eV)

Normalized Absorption

20 -
10+

0]

Kx(K)

-10F

-20

k(A
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- sample absorption is given by
Ht=logg(l,/15)
* EXAFS X (K)=[1(K)-Ho(K)]/Ho(K)

x(k) O Z N [9(r)F(k,r)sin(2kr + g, )dr

12 U-Cu 4 U-Pd 16 U-Cu

40
20

O -

FT of KX(K)

-20

-40

1 — 2 3 \ zll -
Amplitude{nveloper &)  Rea patof
12 the complex

[Re*+m] transform




Om'\(\aX

UCu,Pd average and Io((\:alﬁstructure

U (4a) environment isidentical to Pd (4c)
environment, except U/Pd are switched.
Near est-neighborsare Cu (16€) at ~2.93 A

e Cuenvironment differsdueto tetrahedrons.
Near est-neighborsare Cu at 2.49 A

 Determineamount of site interchange by
number of Pd-Cu pairsat 2.49 A

e Definition: Pd” denotesa Pd on a 16e site, Cu”
denotesa Cu on a4c site.

3064 Loca Copper environment 249 A |

messssssssssssssmy L AWRENCE BERKELEY NATIONAL L ABORATORY I



A “zero-disorder” example: YbCu,X

FT of Kx(K)

I— Ag K edge YbCu,Ag
- - - - Pd K edge UCu,Pd

0 1 2 3
r (A)

O, (K) i AA) X/Cu
inter-

X 02 Cu Yb Cu Yb change
TI | 0.89(5) 230(5) | 230(5) | 0.0004(4) | 0.0005(5) 41)%
In | 1.04(5) 252(5) | 280(5) | 0.0009(4) | 0.0011(5) 2(3)%
Cd | 0.98(5) 240(5) | 255(5) | 0.0007(4) | 0.0010(5) 5(5)%
Ag | 0.91(5) 250(5) | 235(5) | 0.0008(4) | 0.0006(5) 2(2)%

aeseessssssssssmm L AWRENCE BERKELEY N

0.012 |
0.010 |
0.008 |
0.006 |
0.004 |
0.002 |
0.000 —

(R

0.010
0.008

0.006

’(AY

0.004

0.002

Omo | 1 | 1 | 1 | 1 | 1 | 1 |
0 5 100 150 200 250 300

T(K)

Ops(T)=0gatic"+F (Mag.Op)
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XAFSdata on UCu,,Pd,

U LIII edge i 40:

o

A
S

IN
o

o
T

A
S

FT of K(K)
FT of Kx(K)

IN
o

o
T T

A
S

IN
o

293 A
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Pd K-edgefit results

0.5

0.4

0.3

0.2

0.1

0.0

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

Probability

00 0.2

m S
nominal s

. Pd
nominal f 4

. Cu
~ — — nominda f16e

1 | 1 | 1
04 06 O

X

8 10 12 14

6

Fit to all single-scattering pathsout to
the 16 Pd-Cu’s at ~4.59 A.

Including all siteinterchange, fitsuse
15 paths.

Like bond lengths constrained
together.

Like bond length Debye-Wallers
constrained together (0,%=(Us/s)05>%
Amplituderatio’s constrained.

Two possible descriptions:

S, X: S= Npy(16€)/Np4(Total)

f 9, feect: f,0d isfraction of 4c sites
with Pd, etc.

e.0.Pd’-Cu @ 2.5 A has 6S,7S f .-
neighbors

C. H. Booth et al., PRL 81, 3960 (1998); E. D. Bauer et al., PRB 65, 245114 (2002).
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No measur able continuous U-Cu disorder!

0.0030

0.0025

0.0020

0.0010

0.0005

2
.. for U-Cu (A%

2

Oy

0.0000

-0.0005

0.0015

NFL from Kondo disorder

oo, ////

NFL “limit” for KLDM is
generous. we estimate the best fit
with 0.0034 Az2.

Only the x=0.3 sampleis
anomalous... oxidation?

Cu K edgefitsindicate a nearest
neighbor Cu-Cu distance of ~2.48
A

Pd K edgefitsindicatea Pd"-Cu
distance of ~2.55 A

Together no a2 for U-Cu, the
Cu displacements near a Pd” must
be nearly perpendicular to the U-
Cu pairs.

messssssssssssssmy L AWRENCE BERKELEY NATIONAL L ABORATORY I



(T) (emu/mal)

Xireg

Disorder: Isit enough?

TTTT T T LI |
m UCu 4Pd data
0.020 |- 2
N O, =0.0
\ o, ’=0.00020
0.015 |- o o, ’=0.00078
.n 2_
5 o$m2-0.00137
0-010 | \ O-Qat :0.00343
: Yu,
0.005 [ ——
: ]
0.000 : : —
1 10 100

T(K)

| KLDM fitto

mag. suscept

T T T T T T T
I o *=0.0 A® (x50)T

v

.

0, =0.00020 A” |
fffff o, =0.00078 A* |
rrrrrrrr o, =0.00137 A" 7

o, ’=0.00343 A®

XAFSmeasureof T
U-Cu static disorder ]

12

V(eV)

KDM: NFL isnot from disorder in V,. Thisprobably can’t generate
enough disorder in N(O) either (Miranda).
RKKY clusters? ~0.5% of uranium environments havea V.4 that is equal

to or lessthan that in UCu;.

Anderson localization? only 0.0025% of UCuc-like uraniumshave a

similar neighbor.

LAWRENCE BERKELEY NATIONAL L ABORATORY I



7.090

7.085 |1

N
Q
8

~
o
3

o
[
&

lattice parameter a [A]
~ ~
(o] [}
4o =

~
o
o

7.030

* Annealing suppresses spin glasstransition, removeslinear resistivity but

Effects of annealing

1.0

~ Y 131 1] Peak

0.8

o
o

o
-9
intensity [a. u.]

£
¢

| I N N S T M 1 3
06 07 08 09 10 11 12 418 420 422 424 426 428 430

Pd-concentration x

angle [20]

logarithmic C/T remains ?!?!?

* Quick point: Entropy under thislogarithmic divergenceiscloseto R log 2

A CIT (mJ mol™ K?)

700 ——

600

500

400

300

200 —

O Unannealed
O 7 day
A 14 day

0.1

T (K)

LAWRENCE BERKELEY NATIONAL L ABORATORY I




Both site interchange and bond length distributions
affected by annealing

S
&
> _=
-
S
A
&
Q
o)

FT Magnitude of K’x(k)

M easur e (discrete) site
inter change with Pd K edge
XAFS

M easur e (continuous) U-X bond
length disorder with temperature
dependence of distribution widths
(Debye-Waller factors).

Complication: U-Cu and U-Pd
pairs strongly overlap, so need to
be ableto include degree of site
inter change as a constraint to the
U L, ,-edgefits.

Solution: Fit to a sSiteinterchange
modd.
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Effects of annealing

. " E [ 1 e Structurally, two things happen:
’g Vo _ — siteinterchangeisreduced, but not
5 024 . after morethan 1 day of annealing
zaj .' — U-Cu bond length distribution
5 o20) L] width decreases, even after 14 days
g - ! : ; | of annealing
Unanmealed  1day | 7day | laday | |
__ hmealngtme e« Main points:
oomor = 1 — sdecreases, but is gtill fairly large
oy } -_ — U-Cu orders, but it isalready very
< oo closeto fully ordered (Ao ~-0.02 A)
23 -0.0003-— %
0.0004 |-
-0.0005-— }
0o 3 6 9 12 1

Annealing time (days)
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Effects of annealing

10 T T T T T T T T //I T
UCu_ Pd
5-x X .
T osf m % i
£ .~
: 53
e 06 P i
é')_ ,
c .
2 04t & .
?g L O Unannealed from Bauer et al.
e , @ Unannedled (this work)
E ool @/ m 1 day annealed (thiswork)
T // nominal
O fit tox<0.8
00 H 1 L 1 L 1 L 1 L 1 L 1 L 1 L
00 02 04 06 08 10 12 14
7m T T Xl T L |
L DDDDD =)
600 F ~ .
— OG@@O
‘}‘x IN SOS%
5 900 G .
e <00
.g r 0 Unanneded
= o 7 day
5 A0 A 14 day i
s r——s=0.27, 0, "=0.00033 A®
300 |——s=0.19, 0, _, *=0.00033 A”
- - - s=0.19, 0, *=0.00009 A
2_ 2
. 5:0'19’.°KDM.'0'9}5‘. o
0.1 1

16

T (K)

EEEaassssssssm—— L. AWRENCE

« f,.Pdof unannealed samplesvery
consistent with changesin lattice
parameter: x vs. f,.”9 islinear, except
with a changein slopeat x ~0.85

e Annealingincreasesf,.”™, similarly to
changeind

* Itispossibleto parameterize changesin
heat capacity asarising only from
changesin sand g .,

“Dark” width
2 2
WKDM D O-KDM

* ANSWER(?): NFL stateissomehow “pre-
loaded”, possibly as a consequence of
disorder.
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What the heck iIsW,?

E
N (0)Vros

KDM by itself does not work!

— linear resistivity goes away on annealing (Weber et al., PRB 63, 205116 (2001)

— MSR indicates glassy spin dynamics (MacL aughlin et al., PRL 245114)

— Short range (< unit cell) magnetic correlations exist (Aronson et al., PRL 87, 197205
(2001)

— Distribution of moments at high fields (>51 kOe) inconsistent with KDM (Buttgen et al.,
62, 11545 (2000)

Disorder can generate width in N(O) (not enough says Miranda, but could
be says Cox)

ISW,duetoa QCP? ldeaissimilar to proposed by Grempel and
Rozenberg PRB 60, 4702 (1999), and to Rappoport et al., PRB 64, 140402
(2001).

|sclustering important?

T, =T. exp—

LAWRENCE BERKELEY NATIONAL L ABORATORY I



CeRhRuSI,

| U.,Ni,Sn,

P | Datasummary

messssssssssssssmy L AWRENCE BERKELEY NATIONAL L ABORATORY I



Non-Fermi liquid (NFL) and Ce(Ru.,Rh,),S,

FL NFL
o G. R. Stewart, RMP, (2001)
Susceptibility x(T) 0 constant -log(T)
Specific heat C(T)/T H Y -log(T)
Electrical resistivity p(T) O T2 T o
o0—0°
P71 ] ‘ (* J
L L
I Ce(RhRu,)Si : e—a%—0
< 30 x M1-x/2Vl2 ./f RU/R%O‘QA
% zoz;&& N & 2 PM / |
© - e T 1 ]
“éi i 1 NFL Tx S
I o —o-® 0~
& 10_— Iy .// —
et 7w

0.0 0.2 C.4 0.6 0.8 1.0

Rh concentration x

C.Y.Liuetal., PRB 61, 432 (2000)
meaaesssssssssmm L. AWRENCE BERKELEY NATIONAL L AEBEORATOR Y



XAFS Study near Ceatom in CeRuRhS,

Cel ;-edge
T =20K

Bonding length (A):
CeSi:  3.218(6)
1 Ce-RuRh: 3.254(3)
Ce-Ce: 4.150(10)

Fitting parameters:

S total data point variables fitting freedom r-factor reduced-x?2
0.85(10) 23 14 9 0.0054 3.26

LAWRENCE BERKELEY NATIONAL L ABORATORY I




PDF Analysis of CeRuURNSI,

CeRhRuSi; at 20 K

Small total disorder factors

ull (Ce) ull(Ru/Rh)  ull(S)  suggest that static disorder
0.000359(7) 0.0030(11)  0.00293)  jsnegligible!!!

Total disorder factors:

messssssssssssssmy L AWRENCE BERKELEY NATIONAL L ABORATORY I



Summary of structural disorder in CeRuRhSI,

02 (A2

2(static) (A

bonding len

gth (A)] T=20K

Ce-S 0.0033(6) 0.0003(4) \ 3.215(6), 3.187

Ce-Ru/Rh 0.0014(3) -0.0004(2)

3.254(3), 3.257

CeCe  0.0011(9) 0.0003(14)

4.15(1), 4.161

Ru-Si 0.0011(3) -0.0003
Ru-Ru/Rh 0.0011(2) -0.0001

2.373(3), 2.399 > XAFS:

2.934(3), 2.888

Short-range

Ru-Ce 0.0022(2) -0.0003

3.231(4), 3.257

Rh-Si 0.0015(3
Rh-Ru/Rh 0.0012(1) -0.0003(2)

) 0.0004(3) |2.390(4), 2.399
§ [ 2.011(3). 2.888

Rh-Ce  0.0025(3)\ -0.0002(2) / 3.236(4), 3.257 |

u(11) (A

)

Ce 0.00036(

1)

Ru/Rh  0.0030(1

1)

S 0.0029(3)

\

PDF:
" Intermediate-range

J
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U;Ni;Sn,

P| Last words

messssssssssssssmy L AWRENCE BERKELEY NATIONAL L ABORATORY I



s U;Ni,Sn, best described as near an AF QCP?

* U;Ni;Sn, Isan undoped, ambient pressure non-Fermi liquid.

e Evidence of an AF critical point at -0.04 GPa (Estrela et al.,
(2001)).

e A“Hertzand Millis® Quantum Critical Point?

C/lT=y-ATO (v)) xOT93(?,05 ApdTi8® (?, 0.5
e Cubic, bee, | -43d, a,=9.3524 A
e residual resistivity 7 uQ cm

e single crystal XRD good

* No temperature-dependent structur al
studies exist

e Disorder models have been shown to
be capable of providing NFL behavior

LAWRENCE BERKELEY NATIONAL LABORATORY




No static offsets necessary

TABLE I: Final fit parameters to the U Ly and Sn K edge data at 20 K on three powder samples of U3sNigSny. U Ly edge
fits have S3 = 0.73 = 0.06 and AE; = —10.3 £ 0.4. Sn K edge fits have S3 = 0.95 & 0.06 and AE,; = —8.3 = 0.1. Diffraction
data was collected at room temperature.

U2.9Ni3.05n3.9 U3.0Ni3.1Sn3.9 U3Ni3Snd
pa.ir N Rdl'ff R 0'2 Uazta.t{ acD R 0'2 static acD R l‘."z U:tatic E:‘!,:D
U-Ni 4 2.864 2.848(4) 0.0010(4) -0.0004(5) 282(2) 2.848(3) 0.0019(2) -0.0005(5) 259(4) 2.848(3) 0.0018(2) -0.0009(4) 252(5)
U-Sn 8 3.237 3.226(4) 0.0009(2) -0.0009(3) 231(1) 3.226(3) 0.0008(2) -0.0007(3) 233(1) 3.228(2) 0.0011(2) -0.0006(3) 241(1)
U-U 8 4.374 4.355(5) 0.0014(2) -0.0005(3) 173(2) 4.355(3) 0.0014(2) -0.0000(3) 169(3) 4.36(1) 0.0016(3) -0.0007(3) 159(4)
U-Ni 2 4.676 4.67(1) 0.0022(6) 4.67(1) 0.0022(4) 4.67(1) 0.0015(3)
Sn-Ni 3  2.609 2.597(3) 0.0027(2) -0.0003(2) 349(4) 2.599(3) 0.0027(2) 0.0008(3) 359(3) 2.604(3) 0.003(1) 0.001(1) 420(15)
Sn-U 6 3.237 3.232(7) 0.0016(2) -0.0004(2) 246(2) 3.228(3) 0.0012(2) -0.0004(2) 273(5) 3.223(5) 0.0006(4) -0.0017(5) 202(12)
Sn-Sn 3 3.497 3.500(4) 0.004(1) -0.000(1) 245(6) 3.496(3) 0.0017(3) -0.0001(6) 250(20) 3.50(3) 0.003(3) -0.003(3) 172(17)
Sn-Sn 2 4.050 4.03(1) 0.01(1) 4.02(1) 0.0024(7) 3.98(3) 0.003(3)
Sn-Ni 3 4.232 4.16(5) 0.01(1) 4.22(1)  0.005(2) 4.25(3)  0.002(1)
Sn-Sn 6 4.594 4.598(4) 0.0034(3) 4.596(3) 0.0023(2) 4.60(3)  0.002(1)
q
I 2 2
Atom pair O, 2(A?) O (K)
|
U-Ni -0.0009(4) 252(5)
|
»
) 4 % % y

No evidence of site interchange either...
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Field-dependence of heat capacity
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C(H,T)/C(0,T)

Zero applied field, C/T~TO25,
Indicative of NFL behavior

Fermi liquid behavior appearsto be
recovered in relatively small applied
fields

(U3Ni;Sn, behaves similarly to
CeColn,, another system with a
“negative pressure”’ critical point...)

1.08 : : : :
an" m H=8T
1.06 |- . " ® H=7/T -
u = A H=6T
o0 ®
ot oo v H=4T
104 | o AAA, ¢ H=2T N
.. A A
AA A - ]
8, At
102 | 8 47vvvg - e ¥
* v A s ¢ o
* vV A e § ©
* 0..0 v 4 ¢ ¥
e g *eet v . iy
i * 3
098 | i
| 1 |
0 5 10 15
T(K)



Comparison to GrifftihssMcCoy...

a Schottky anomaly?
« High-field limit: R
H 2+A/2 R \\\ . qu/?,jngo?/-o:m’
C /T [] e_'ueer/T 120 N :)/;;zo.s,
< 3-4/2 N '
T s | "
Uy iSaverage effectivemoment of AF £ 1 ...
clusters... successfully applied to © 1_0_\;'_?¢ P L E
La, sCe, sRNINg (Kim et al, 2002) |
¢ Moregenera“y . 2 4 6 IT?K)I 0 12 1
o W Dl—e
2 1-1 [ =2 2 2 2 2 0
C,(H,T) 0 B%[dAA™ (E2 +A%)sech?(B4E2 +A )gnKE

0

E, (D) =quy —|
(D) = Qﬂ%;n(

a

A

A 1sthe cluster

(cutoff)

tunneling energy

)gﬂH wy, isthe tunneling energy for a single atom

g average moment within a cluster

yisan anisotropy parameter
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Data summary

 UCu,Pd (Disordered NFL)
— Pd/Cu siteinterchange, tunable by annealing

— Very little bond-length disorder
e Not enough for KLDM (that’sall in V)

 Changesin annealing indicatethereisat least alittle, and it does
affect the magnetic properties

 CeRhRuSI, (Disordered NFL)

— Very little, if any, bond length disorder
e annealing has not, thusfar, produced any changein any properties

o U;NiSn, (Ordered NFL)
— Veary little, if any, structural disorder

e CeRhing, Celrlng, Ce,Rhlng, Ce,lring (Ordered NFL’S)
— Very little, if any structural disorder

LAWRENCE BERKELEY NATIONAL L ABORATORY I



L ast words

« Natureissneaky: lattice disorder can hide! U;udphd 1o

e For UCu,Pd, KLDM (Kondo lattice disorder rao T
modedl), with no disorder in N(O) is hot enough. s i i

* Roleof disorder still very much unclear! NFL T;& K

—Doesdisorder even matter? Yes, but it can’t _____Pd concentration x |
. . I 6 *=0.0 A? (x50}
explain everything!

c,,’=0.00020 A* ]
————— 0, =0.00078 A” |

—definitely not conventional: either extremely BANA L mon ]
sensitiveor it isaminor player 1\ xarsmeared -

. \\ U-Cu static disorder ]

[ KLDM fit to PR
| mag. suscept. AN

1 /I’IJ I 1| l| ||\\\"—'~L, L
0.6 0.8 10 12 14 16 18 2.0

 Clustering? Magnetic droplets? Griffiths
M cCoy?

o [ N w S a1 o ~ [ee]
T T T T T

— Probably not exactly Griffiths-M cCoy o0 SCY
— Could be... tough to see structurally e
e Should doped and undoped systems betreated in 2 = &%::%ss
the same way? Sl f;, S
— |I’'m leaning toward yes... ) m_iﬁg
—— 5019, 0, *00A®

0.1 1
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L ast words (continued...)

e Competing interaction descriptions seem most
appropriate. IsRKKY or Anderson localization =
the important competing interaction?
Structurally, system seemsto crossto RKKY, but i hos b
close to the boundary! s oM i Al

« KDM could still work, if something else amplifie = = ” v .
the effect of the disorder (“pre-loading”).

« Eventhe“canonical” disordered NFL CeRhRuS %+ =
Isremarkably well ordered

e Should thedisordered and the “well ordered”
NFL’s be consdered as a whole?

CeRhRuSi; at 20 K

@
T

e U,NiSn, passesall thetests of awell ordered _qwm |
NFL ~ 12r ,," \\\\ 2)/(:,_“’:0.3'

* Inaddition, FL/NFL development in field Sl | ‘
appearsto not bethe product of a Griffiths %\hk
McCoy singularity il

e (U;NizSn, behaves similarly to CeCol ng, another Y e

system with a “ negative pressure’ critical
%LAWRENBE BERKELEY NATIONAL LABORATOR Y E—
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